On the internet one can find all kinds of information and perform a multitude of tasks such as searching for information about any subject, purchase goods and services, or enquiring about a particular company. When navigating the web, our focus (where we look) can be captured involuntary through a visual stimulus, or may be directed in a controlled manner depending on the task that we are performing. The layouts of web sites range from simple to highly complex. When creating new layouts, knowing what information is most important when a user is performing a task and which areas are supposed to attract his/her attention are important issues in order to make a web site easier to interpret and consequently their usability. In this paper we present an eye tracking study of users' visual behaviour when surfing on websites and investigate if it is possible to determine likely visual patterns. We show that the visual patterns are different depending on the task that is being performed and not on the web site where it is being carried out.
Introduction
The use of the Internet and technology associated with it, has become indispensable for people around the world. On the web we can find all kinds of information and perform a large number of tasks that can go from searching for information on a particular subject, the purchase of goods and services, to searching for job positions with a company, among others.
The appearance of sites where all these tasks are performed typically have different layouts and diverge from simple to very complex. Knowing what is the most important information when a user is performing and what areas are likely to attract their attention the * e-mail:martinhofg@gmail.com † e-mail:ttaniarocha@sapo.pt ‡ e-mail:lmagalha@utad.pt § e-mail:eperes@utad.pt ¶ e-mail:maxbessa@utad.pt e-mail:alan.chalmers@warwick.ac.uk most, is important when developing new designs, making them easier to interpret and more usable.
If we can distinguish between the tasks and users navigation patterns, we may be able to identify the most important areas when we are developing a new site, enabling the most important information to be placed in these locations. Furthermore, this information may be used to develop a dynamic web site interface that adapts to the tasks, in order to improve web site's usability.
The purpose of this study is to verify the existence of differences in visual patterns when surfing the Internet, depending on the tasks that are being performed.
Over the last few years, several studies have been conducted on users' visual behaviour when navigating web pages. In the next section, we present the most relevant papers for the study that we performed. In section 3, the experiment that we conducted is described, and in section 4 the principal results are presented. Finally, in section 5, some conclusions are presented and future directions described.
Related work
Several studies have recently been conducted on users' visual behaviour when navigating web pages. Poole and Ball [Bilal and Kirby 2002] studied the usability and interaction between humans and computer using an eye tracking device. With the eye tracker results it is possible, not only to quantify the individuals interaction with the computer, but other data can also be obtained, such as its meaning when relating the results with web sites. Poole and Ball identified variables and factors, from evidences found in other studies, that indicated not only the time that individuals take to perform certain tasks, but also the possibility of different task complexities, the difficulty in obtaining information and the structuring of web pages.
In addition, several researchers have tackled the issue of searching on Internet using search engines, as this is one of the most performed tasks. Spink et al. [Spink et al. 1999 ] performed a study where they analyzed users' information searching behaviour on the EXCITE search engine, through a user survey. This study identified serious problems in the design of search engines, such as lack of transparency. This means that advanced searches are more difficult to complete, losing some of their benefits compared to basic searches.
Hsieh-Yee[Hsieh-Yee 2001] conducted a study on web search behaviour, through a literature review from 1995 to 2000 that included most of the studies on children and adults. The majority of the studies that focus on children only described their interaction with the web. While in the studies that addressed the adults, the researchers' goals were mainly to describe patterns. Some studies have also investigated the effects of several factors in search behaviour, including the organization of information and its presentation, the type of search task, the web experience, cognitive skills and affective states.
What distinguishes the research on adults' web search behaviour is the use of multiple methods of data collection. Research on web search behaviour requires that there is a commitment to examine users in their natural environmental conditions and requires a rigorous design and data analysis. Although these studies have an increasingly rigorous objective, there is still a lack of their acceptance, as well as validation. To verify that the difference in the age influences the success in conducting searches on the Internet, Bilal and Kirby conducted a study with children and adults [Bilal and Kirby 2002] . In this study, they concluded that the search on the Internet is affected by: the users' cognitive capacity, affective state and physical state, since the user gives a different answer depending on the type of task he/she performs. The study highlighted the ability of adults to reformulate the search when faced with an impasse, the type of navigation used throughout the pages and the concentration while performing a task. The cultural experience of adults is one of the factors that most distinguishes them, resulting in a higher success rate.
In 2004 a study was conducted where Granka et al. analyzed the behaviour of individuals when they perform web searches, with regard to how they interact with the sites and the results they get. Having as reference the time that the individuals take to select the desired link, this study demonstrates the complexity of the mental process involved in the choice of the link, as well as the complexity of the information presented to the users. The order, in which they appear in the search results, is related to the time that users pay "attention" to the links therein. Therefore, the search is automatically limited to the behaviour of the search engine and how it presents its results.
Lorigo et al. [Lorigo et al. 2008 ] also studied online searching, and presented knowledge drawn from the experiments and the difficulties encountered. Comparing different search engines, they verified that all the metrics used did not show significantly different values and thus the search in the different search engines were similar in the visual process and in the complexity of reasoning. Moreover, the individuals' preferences of the search engines used was different. The main difficulties identified were: the interpretation of the eye tracker data, analyzing the interaction between individuals and the search results, and integrating eye tracker studies with usability studies. The lack of feedback and of the task's success analysis, limits the types of studies that can be done with eye trackers. Pan et al. [Pan et al. 2004 ] investigated the importance of visual behaviour on web pages, analyzing the order in which pages were visited, as well as their complexity. They concluded that the human visual behaviour while viewing web pages is the result of the order in which pages are viewed, of the relationship between the site types and of the gender. The results of scanpaths (path that the eyes follow during the viewing of web pages) showed that there is the possibility of relating the visual behaviour of different individuals with the visual structure of web pages.
Analysis of Web Visual patterns
The shape and appearance of web sites are diverse, ranging from simple layouts to complex web applications. Knowing what information is most important when a user is performing a task and which areas are supposed to attract his/her attention are important issues when creating new designs in order to make them easier to interpret. In this paper, we present a study that verifies if users performing different tasks on the Internet follow different visual navigation strategies, resulting in different visual patterns. Therefore we have designed an experiment using an eye tracker to find out the users' visual patterns, for which we consider the following null hypothesis:
H0: "When users perform different tasks on the Internet the visual patterns are similar".
Participants
All 83 participants were University students. Only 44 of the results were considered valid, i.e. without having any missing data. This set comprised 10 females and 34 males. Eight of the participants were over the age of 30 while the remainders were between 18 and 30 years old. 28 of the participants had normal vision and 16 had corrected to normal vision. All participants use the Internet on a daily base.
Metrics
The main metrics used in eye movement's research are: fixations and "saccades," which in turn occur between anchorages. There are also several metrics derived from these key measures, including the size of the "gaze" and the distance traveled, "scanpath". Pupils' dilation and the number of times that the subject blinks can also be studied [Salvucci and Goldberg 2000] .
Using this metric, we can identify the differences in viewing patterns, because it provides a quantitative measure of the dispersion of the visual field. Moreover, this metric can be used to identify if the user is more focused on some areas than others.
Procedure
All experiments were conducted individually and in a controlled environment. The room was equipped with a computer, an eye tracker, Tobii X50, in combination with Clear View 2.0.1 software to collect eye movement data. The experiments were visualized on a 17 inches monitor with a resolution of 1024 x 768 pixels. At the end of each task, the application automatically saved all the information. The web pages were accessed using the Internet Explorer browser with a 100 Mbps internet connection. The statistical analysis software, SPSS 17.0 Statistic, was used to analyze the data provided by the eye tracking system.
To verify if the experimental setup was correct, two pilot tests involving a total of 30 participants were carried out. Problems concerning the Internet connection, types of tasks performed, experiment duration, and the participants' behaviour while performing the tasks, were considered. The results of the two pilot studies showed that the way how people behaved during the course of the experiments did not allow the eye tracker to capture their visual field. Moreover, two of the tasks had to be modified because they weren´t clear enough and the participants had difficulties in completing their objectives. It was also necessary to increase the time needed to perform the tasks.
In order to perform the full experiment we defined two distinct groups. In the first group, participants performed four different tasks on four different web sites. The second group was similar to the first except that tasks 2 and 3 were modified in order to compare different tasks performed on the same web site. All these tasks were performed in well-known and fairly well-used websites, which also represented the most common types of web sites that can be found on the Internet.
The assigned tasks for the first group test were:
Task 1 -Find a recipe for a dessert using the Google search engine [Google 2009 ]. The task ended when the user opened the Web site. For the second group, the tasks performed at the site of the Express and Amazon were changed:
Task 5 -The same as Task 1;
Task 6 -Find an official BLOG of economics at Expresso newspaper Web site [Expresso 2009 ]. The task ended when the user found the Web page with the economics Blog. Task 8 -The same as Task 4.
Thus, the two tests were:
Test 1 -Task 1, Task 2, Task 3, Task 4;
Test 2 -Task 5, Task 6, Task 7, Task 8;
After finishing the experiment, participants answered a short survey to collect information such as age, gender, eyesight conditions, web navigation experience, amongst others.
Analysis and Discussion
In order to verify the integrity of the information collected using the eye tracker, the existence of outliers in the data was investigated. Based on this, it was decided to remove from Task 4 the data from subject 43 and from the Task 7 the data relating to the subject 32 since the values were significantly out of place. After this outlier identification process, we began to analyze the data to see if significant differences on the subjects' saccade rate when performing the task existed.
Because we want to examine if there are different visual patterns for each test (Test 1 or Test 2), we considered the following null hypothesis -H0: "The values of saccade rate for each of the tasks are similar".
Since for each test all participants performed four tasks, we applied the paired samples test to the results of each test, see Table 1 . For Test 1 the existence of sphericity, value close to 1 ( 0,957), can be assumed which points to a significance level of 0.001, which is less than 0.05, rejecting the null hypothesis. This means that there are significant differences between the values of saccade rate for all the tasks performed in this group. In Test 2 the existence of sphericity can also be assumed, with a value of 1, observing a significance level of zero, below 0.05, thus also rejecting the null hypothesis. There are thus also significant differences between the values of the tasks' saccade rate on Test 2.
These results indicate that there are significant differences in the value of saccade rate between the tasks, suggesting the existence of differences patterns of navigation between the types of pages considered and that it depends on the task that is taking place. However, these tests did not point out in which tasks there are such differences. Therefore, we analyzed the tasks, carrying out a comparison two by two, to identify those which are different and those that show similarities. The null hypothesis remains the same, but the analysis is between only two tasks. As can be seen in Table 1 , for Test 1 the comparisons made between:
- Task have a significance level less than or equal to 0.05, also rejecting the null hypothesis, thus indicating significant differences in performing the tasks.
With these results we can conclude that there are clear differences in the visual patterns in using search engines, online shopping, exploring a web site and a search of information on a web site, as far as the value of the saccade rate is concerned. Moreover, it can also be seen in Table 1 , for:
-Task 1 (search in Google) and Task 3 (Buy one product at Amazon);
-Task 3 (Buy a product on Amazon) and Task 4 (Find information on HP); -Task 6 (Find a blog at Expresso web site) and Task 7 (Exploring the Amazon web site); -Task 6 (Find a blog at Expresso web page) and Task 8 (Find information about HP);
that with the levels of the significance obtained, we cannot reject the null hypothesis, which means that there is similarity in the mental process or reasoning required to complete these tasks.
Analyzing the results between tasks of different tests allows us to compare different tasks but performed on the same site, or the same task performed on different sites. Since the participants who performed Test 1 were different from the ones that performed Test 2, these tests are independent. The same null hypothesis was considered. Applying the test One Way ANOVA of SPSS to compare independent variables the following results were obtained: As can be seen in Table 2 , the comparisons made between:
-Task 1 (search in Google) and 6 (Find a Blog site of the Express);
-Task 3 (Buy one product at Amazon) and 7 (Explore the site Amazon);
-Task 3 (Buy one product at Amazon) and 6 (Find a Blog site of Expresso web site); have a significance value less than or equal to 0.05, rejecting the null hypothesis, thereby indicating significant differences with regard to the execution of tasks.
For Task 2 (Explore the web site of Expresso) and Task 7 (Explore on Amazon web site) the null hypothesis cannot be rejected, because there are no significant differences between the values of saccade rate. This implies that the task to explore web sites has similar values, regardless of the portal where these tasks are carried out. This is consistent with the results obtained by Jansen and Pooch [Jansen and Pooch 2001] .
On the other hand, for Task 3 (Buy a product on Amazon) and Task 7 (Exploring the Amazon site), although these different tasks are carried out on the same site, the significance level (p = 0.043) rejects the null hypothesis. There are thus significant differences between the values of saccade rate, as well as different patterns of navigations for each of the tasks. Other information on the visual patterns, produced by participants when they are browsing the web sites, is the Gaze Map. Figure 1 shows the gaze Map of one participant. A similar behaviour was observed for the rest of participants. We can see that the gazes are mostly focused on hyperlinks at the top-left of the web page, while on the right half of the page there are no gazes. People do not undertake an orderly reading but just look at the top five hyperlinks. The same observation was made for the other tasks. Differences in visual behaviour can also be verified by looking at the Gaze Maps for the different task types (Figures 1, 2) where there is a clear difference in the site navigation by users, supporting the statistical data previously presented.
Conclusions
The purpose of this study was to verify the existence of differences in visual patterns in the Web pages' navigation, depending on the tasks that were proposed.
In this paper we made a statistical analysis of the eye tracker data on visual patterns of web pages. In Table 1 , clear differences (significance value less than 0.05) can be seen regarding the value of the saccade rate, when comparing the different tasks: searching using search engines, online shopping, exploring a site and a site search of information. Consequently, we can say that these tasks have different visual patterns.
Although in the study performed by Pan et. al [Pan et al. 2004] , no significant evidence was found that visual behaviour is influenced by the type of task, in this study, as in Rayner [1998] , this has been proven.
Moreover, we verified ( Table 2 ) that the visual patterns do not depend on the site where the task is being performed.
The gaze maps for the different task types confirms the statistical results ( Figure 1, Figure 2) showing that there are differences in the visual patterns when users perform those different tasks on the Internet.
